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Production Planning Model
$dx(t)=\{A(y(t))x(t)+B(y(t))u(t)-c(y(t))\}dt$ , (1)
$x(O)=x$ , $y(O)=i$ , $u(t)\in K$
, $x(t)\in R^{n}$ , $u(t)\in R^{n}$ , $c(y(t))\in$
$R^{n},$ $n\cross n$ $A(y(t)),$ $n\cross n$ $B(y(t))$ , $K$ ,











admissible control $\Phi$ $u\in\Phi$ (1), (2)
$z(t)=(\begin{array}{l}x(t)y(t)\end{array})$
, $\{z(t) : t\geq 0\}$ ,
$y(t)=i$ $A(y(t)),$ $B(y(t)),$ $c(y(t))$ $A_{i},$ $B_{i}$ , ci
2 Simple Production Planning Model
Production Planning Model
Production Planning
2.1 Production Planning Models
(1) Thompson and Sethi
$c(t)>0$ $x(t)$
$\frac{d}{dt}x(t)=u(t)-c(t)$ , $x(0)=x$
$J(u:x)= \int_{0}^{T}e^{-\alpha t}\{\frac{h}{2}(x(t)-x_{0})^{2}+\frac{g}{2}(u(t)-u_{0})^{2}\}dt$ , $T>0$
$u(t)\geq 0$ $h,$ $g$ $x_{0},$ $u_{0}$
(2) Bensoussan, Sethi, Vickson and Derzko
$c>0$ white noise $\{w(t)\}$ $x(t)$
$dx(t)=\{u(t)-c\}dt+\sigma dw(t)$ , $x(0)=x$
$J(u:x)= E[\int_{0}^{\infty}e^{-\alpha t}\{\frac{h}{2}(x(t)-x_{0})^{2}+\frac{g}{2}(u(t)-u_{0})^{2}\}dt|x(0)=x]$
$u(t)\geq 0$ $\sigma,$ $h,$ $g$ $x_{0},$ $u_{0}$
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(3) Akella and Kumar
$c>0$
$x(t)$
$dx(t)=\{y(t)u(t)-c\}dt$ , $x(O)=x$ , $y(O)=i$
$u(t)\in K=[0, d]$ ( $d$ ), $y(t)\in S=\{0,1\}$
$y(t)=0$ $y(t)=1$
$J(u : x,i)= E[\int_{0}^{\infty}e^{-\alpha_{-}t}\{h^{+}x^{+}(t)+h^{-}x^{-}(t)\}dt|x(0)’=x,$ $y(0)=i]$
$u(t)$ $0$ $\vee\bigcap_{\cup}$ $x^{+}(t)= \max\{0, x(t)\},$ $x^{-}(t)=$
$\max\{0, -x(t)\}$ $h^{+},$ $h^{-}$
(4) Ghosh, Arapostathis and Marcus
$c$ white noise $\{w(t)\}$ $x(t)$
$dx(t)=\{y(t)u(t)-c\}dt+\sigma dw(t)$ , $x(O)=x$ , $y(O)=i$
$u(t)\in K=[0, d],$ $y(t)\in S=\{0,1\}$
$J(u:x,i)= E[\int_{0}^{\infty}e^{-\alpha t}h(x(t))dt|x(0)=x,$ $y(0)=i]$
$u(t)$ $\sigma$ $h(x)$
(5) Fleming, Sethi and Soner
$x(t)$
$dx(t)=\{u(t)-c(y(t))\}dt$ , $x(O)=x$ , $y(O)=i$
$u(t)\geq 0,$ $y(t)\in S=\{1,2, \cdot, n\}$





$dx(t)=\{A(y(t))x(t)+B(y(t))u(t)-c(y(t))\}dt$ , $x(O)=x$ , $y(O)=i$
$u(t)\in K$ $K$ $0$




(i) $h(x)$ $R^{n}$ $k_{1},$ $k_{2}$
$-k_{1}\leq h(x)\leq k_{2}(1+|x|^{2})$
(ii) $g(u)$ $K$
(iii) $i\in S$ $B_{i}\geq 0,$ $c_{i}>0$
$v(x,i)= \inf_{u\in\Phi}J(u:x,i)$ (4)
$v(x;i)=J(u^{*} : x, i)$
$u^{*}\in\Phi$
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, $A$ stochastically stable
1 $A$ stochastically stable $i\in S$
$(A_{i}- \frac{1}{2}\lambda_{ii}I)’P_{i}+P_{i}(A_{i}-\frac{1}{2}\lambda_{ii}I)+\sum_{j\neq i}\lambda_{ij}P_{j}+I=0$ (7)
$P_{i},$ $i\in S$
[ ] [8] $\Vert$
$A$ stochastically stable $v(x, i)$
2 $A$ stochastically stable $i\in S$
$v(x, i)$ .
$-k\leq v(x,i)\leq k(1+|x|^{2})$ (8)
$k$
[ ] $i\in S$ $v(x, i)$
$\epsilon>0$
$v(x_{l}, i)+\epsilon>J(u_{l} : x_{l},i)$ , $l=1,2$
$u_{l}\in\Phi$ $\lambda\in[0,1]$
$x=\lambda x_{1}+(1-\lambda)x_{2}$ , $u=\lambda u_{1}+(1-\lambda)u_{2}$
$\lambda v(x_{1},i)+(1-\lambda)v(x_{2},i)+\epsilon>\lambda J(u_{1} : x_{1},i)+(1-\lambda)J(u_{2} : x_{2},i)$
$h(x),$ $g(u)$ (1), (3)
$\lambda J(u_{1} : x_{1},i)+(1-\lambda)J(u_{2} : x_{2},i)>J(u:x,i)$




(8) $K$ (i) $-k\leq v(x, i)$
$\tilde{A}$
$\{z(t)\}$ weak infinitesimal operator 1





$K$ $S$ $\tilde{A}(x’P_{i}x)\leq d_{1}$ $d_{1}$
Dynkin
$E[x’(t)P(y(t))x(t)|x(0)=x, y(0)=i]\leq x’P_{i}x+d_{1}t$
$P_{i},$ $i\in S$ $d_{2}$
$E[|x(t)|^{2}|x(0)=. x, y(0)=i]\cdot\leq d_{2}|x|^{2}(1+t)$
$h(x)\leq k_{2}(1+|x|^{2})$ $g(u)$ $v(x, i)\leq k(1+|x|^{2})$
$k$ $\Vert$
$\alpha v(x, i)+H(x, i, \nabla v(x, i))-Lv(x, i)=0$ , $x\in R^{n}$ , $i\in S$ (9)
$H(x, i, r)=- \inf_{u\in K}[h(x)+g(u)+(A_{i}x+B_{i}u-c_{i})\cdot r]$ (10)
$Lv(x, i)= \sum_{j\neq i}\lambda_{ij}[v(x,j)-v(x, i)]$ (11)
3 (verffication theorem)
(9) $v(x, i)$
(i) $i\in S$ $v(x, i)$ $-k\leq v(x, i)\leq k(1+|x|^{2})$
(ii) $i\in S$ $\nabla v(x, i)$
37
(a) $u\in\Phi$ $v(x, y)\leq J(u:x, y)$
(b)
$H(x^{*}(t), y(t),$ $\nabla v(x^{*}(t), y(t)))=-h(x^{*}(t))+g(u^{*}(t))$
$-\{A(y(t))x^{*}(t)+B(y(t))u^{*}(t)-c(y(t)))\}\cdot\nabla v(x^{*}(t), y(t))$ $a.e$ .
$u^{*}\in\Phi$ , (1) $v(x, i)=J(u^{*} : x, i)$
1
[ ] [4] $0$ $\Vert$
(9) $v(x, i)$
2(viscosity solution)
$v(x, i)$ $(x, i)$ $D_{x}^{+}(x, i),$ $D_{x}^{-}(x, i)$
$D_{x}^{+}(x,i)= \{r\in R^{n} : \lim_{harrow}\sup_{0}(v(x+h,i)-v(x,i)-r\cdot h)|h|^{-1}\leq 0\}$,
$D_{x}^{-}(x, i)= \{r\in R^{n} : \lim_{harrow}\inf_{0}(v(x+h, i)-v(x, i)-r\cdot h)|h|^{-1}\geq 0\}$
$v(x, i)$ $(x, i)$
$\alpha v(x,i)+H(x,i,r)-Lv(x,i)\leq 0$ , $r\in D_{x}^{+}(x, i)$
$\alpha v(x, i)+H(x, i, r)-Lv(x, i)\geq 0$ , $r\in D_{x}^{-}(x, i)$
(9) viscosity solution
4 $v(x, i)$ viscosity solution $i\in S$
$\nabla v(x, i)$
[ ] viscosity solution $v(x, i)$ $D_{x}^{-}v(x, i)$
$v(x, i)$ $x_{n}$ (9)
$\alpha v(x_{n},i)+H(x_{n}, i, \nabla v(x_{n},i))-Lv(x_{n},i)=0$
$v(x, i)$ $x_{n}arrow x$
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$\alpha v(x,i)+H(x,i, r)-Lv(x,i)=0$ , $r\in\Gamma(x, i)$
$\Gamma(x, i)=$ { $r= \lim_{narrow 0}\nabla v(x_{n},$ $i)$ : $x_{n}arrow X^{\vee}v(x,$ $i)$ $x_{n}$ }
$H(x, i, r)=- \inf_{u\in K}\{g(u)+B_{i}u\cdot r\}-h(x)-(A_{i}x-c_{i})\cdot r$
$r$ $\Gamma(x, i)$ $D_{x}^{-}v(x, i)$
$\alpha v(x,i)+H(x,i, r)-Lv(x, i)\leq 0$ , $r\in D_{x}^{-}v(x,i)$
o $v(x,i)$ viscosity solution
$\alpha v(x, i)+H(x, i, r)-Lv(x, i)\geq 0$ , $r\in D_{x}^{-}v(x, i)$
$\alpha v(x,i)+H(x,i,r)-Lv(x,i)=0$ , $r\in D_{x}^{-}v(x,i)$
$H(x, i, r)$ $D_{x}^{-}v(x, i)$ $r$
$D_{x}^{-}v(x, i)$ $||$
5 $v(x, i)$ viscosity solution o
[ ] [3] $\Vert$
1 $A$ stochastically stable $i\in S$
$u^{*}(x,i)= \arg\min_{u\in K}[g(u)+B_{i}u\cdot\nabla v(x,i)]$ (12)
[ ] $2$ $4$ $5$ $\nabla v(x, i)$ $x$ (ii)
$g(u)+B_{:}u\cdot\nabla v(x, i)$
$u^{*}(x, i)$ 1 $x$ $\Vert$
2 $A$ stochastically stable $u^{*}\in\Phi$ (1)
$u^{*}$
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[ ] 3 1 $\Vert$
(12) $u^{*}$ (1)





$u^{*}(x,i)$ $=$ $\arg\min[|u|^{2}+B_{i}u\nabla v(x,i)]$
$u\in[0,d]$
$=$ $\{\begin{array}{l}0\nabla v(x,i)\geq 0\min\{-B_{i}\nabla v(x,i),d\}\ll\cdot\sigma)ffl\end{array}$
$\{y(t) : t\geq 0\}$ $0=t_{0}<t_{1}<t_{2}<\cdots$
$i\in S$
$\frac{d}{dt}x(t)=A_{i}x(t)+B_{i}u(x(t),i)-c_{i}$ , $t_{l-1}<t\leq t_{l}$
$x(t_{l-1})=x_{l-1}$ , $l=1,2,$ $\cdots$
$\frac{d}{dt}[\exp\{-A_{i}(t-t_{l-1})\}x(t)]=\exp\{-A_{i}(t-t_{l-1})\}[B_{i}u^{*}(x(t),i)-c_{i}]$
1 2 $u^{*}(x, i)$ [6]
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